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A series of N-(4-dialkylamino-2-butynyl)-substituted cyclic imides has been prepared.

These conmipounds

have been investigated for antagonistic activity toward acetylcholine on isolated guinea pig ileal preparations

and for mydriatic activity and blockade of the motor effects of oxotremorine in intact mice.

While these dif-

ferent activities were significantly correlated, considerable differences were found in the relative central and
peripheral anticholinergic effects in vivo and one member of the series, N-(4-diethylamino-2-butynyl)succin-
imide, showed a very high degree of specificity as a central anticholinergic agent.

Tremorine? (1,4-dipyrrolidino-2-butyne) and oxo-
tremorine? [1-(2-oxopyrrolidino)-4-pyrrolidino-2-bu-
tyne] have been widely used in the search for com-
pounds of potential value in Parkinson'’s disease. Both
compounds produce in a variety of experimental
animals a syndrome characterized by tremor, rigidity,
hypokinesia, and parasympathomimetic effects, which
are blocked by atropine and many agents of established
effectiveness in treating Parkinson’s disease. Oxo-
tremorine is preferable to tremorine for screening
purposes, since the latter compound owes its effects to
biotransformation to oxotremorine, and several un-
related compounds have been shown to block the effects
of tremorine by interfering with this metabolic acti-
vation.®?

Introduction of large substituents into agonist mole-
cules frequently yields compounds possessing antago-
nistic properties, and the extreme potency and structural
specificity of oxotremorine suggest that analogs may
be found with similar potency. The relative specificity
of oxotremorine on the central nervous system offers
hope that these analogs might also be selectively
central in their blocking actions and thus minimize
the peripheral parasympatholytic side effects commonly
seen in agents used to treat Parkinson's disease.

Of many such analogs which have been examined,
the presently described series of cyeclic imides of types

X/CO
| \NCH C—CCHZN/R
CHi—CO %

I,X=CH,, CH,CH, or CH,CH,

CONCH o R
@:Y IONCH.C=CCHNT

I, Y=CO, 80,

(1) Previous paper in this series: R. Dahlbom, B. Karlén, A. Lindquist.
R. George, and D. J. Jenden, Acta Pharm. Suecica, 8, 187 (1966).

(2) G. M. Everett, L. E, Blockus, and I. M. Slepperd, Science, 124, 79
(19586).

(3) A. K. Cho, W. L, Haslett, and D. J. Jenden, Biochem. Biophys. Res.
Commun., §, 276 (1961).

(4) F. Sjoqvist and J. Gilette, Life Sci., 4, 1031 (1965).

(3) G. B. Leslie and D. R. Maxwell, Nature, 202, 97 (1Y64).

I and II is of particular interest. The compounds
share with oxotremorine the 4-dialkylamino-2-butynyl
group, which is attached to substituted cyclic imides
rather than to a lactam as in oxotremorine. Several
show a pronounced antagonism to oxotremorine which
in some cases is evident at much lower dosages than in
peripheral parasympatholytic actions.

Chemistry.—In general the compounds listed in
Tables I and IT were prepared through the Mannich
reaction by refluxing a mixture of the \‘propargyl_
imide, formaldehyde and the appropriate amine in
dloxane in the presence of a small amount of cuprous
chloride, N-(4-Diethylamino-2-butynyl)succinimide
was also prepared by ring closure of N-(4-diethylamino-
2-butynyl)succinamic acid, obtained from 4-diethyl-
amino-2-butynylamine and succinic anhydride (see
Scheme I).

ScHEME 1
9 0
o @
N'Na~  + BCHC=CH — NCH,C=CH
|
0
CH.O l'(C_,H;);NH
0
NCH,C = CCH,N(C,H,),
t
H,NCH,C =CCH,N(C H.), 0
Al'.OI NaOAc
(.)
CH,CONH CH,C = CCH,N(C;Hs),
O
CH.COOH
(6]

Pharmacology. A. Methods.—Each compound was
administered intraperitoneally in logarithmically spaced
doses to groups of five male mice weighing 18-22 ¢.
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After 15-20 min, pupillary diameter was measured
under constant lighting conditions with the aid of a
binocular microscope fitted with a calibrated eyepiece,
and compared to a similar measurement made imme-
diately prior to injection. Oxotremorine was then
injected intravenously at a dose of 100 ug/kg, and after
a further 15-20 min, the intensity of tremor was
graded visually, using a point system previously de-
scribed.® The results were averaged for each group of
five mice, and the results were plotted as a function
of the dose of antagonist. The “tremorolytic dose”
was estimated by visual interpolation as the dose at
which the mean tremor response was reduced by one
point from the control. This was approximately
equivalent to the dose giving twofold protection against
oxotremorine, The ‘“mydriatic dose’ was also esti-
mated graphically as the dose required to double the
pupil size relative to the control. All doses are ex-
pressed in moles per kilogram.

Acetylcholine antagonism was measured on isolated
guinea pig ileal strips suspended in oxygenated Krebs
solution at 38°. Contractions were recorded isotoni-
cally at 1-g tension, using a Collins displacement trans-
ducer and potentiometric recorder. A series of cumu-
Iative dose-response curves was obtained using acetyl-
choline only; these were then repeated in the presence
of a test compound at concentrations increasing in the
ratio 1:3:10:30. The preparation was allowed to
equilibrate with each new concentration for 30 min
before the acetylcholine dose-response curve was ob-
tained.

The antagonism was found to be competitive in
every case. The acetylcholine concentration giving
a 509, response was estimated at each concentration
of antagonist, and the antagonist concentration pro-
ducing a twofold block of acetylcholine was estimated
graphically.

B. Results and Discussion.—Table ITT summarizes
the results obtained and includes atropine as a refer-
ence compound treated identically. All compounds

Tasie 111
PuarMacoLoGicAL REsULTS
Concen (M) to

antagonize

In vivo dose (moles/kg) required to acetylcholine

produce in mice on isolated

Oxotremorine guinea pig

Compd Mydriasis blockade ileum

Ia 8.0 X 104 1.6 X 108 1.0 X 10-5e

Ib 2.5 X 10-¢ 8.0 X 10~ (Agonist)®
Ic 2.0 X 10 4.0 X 10-® 2.7 X 10-8a
1d ~1.0 X 10-8 5.6 X 104 9.6 X 102
Ie 1.4 X 10~3 1.4 X 10~ 1.4 X 102
If 1.2 X 104 5.0 X 10~ 3.8 X 10~
Ig >1.0 X 10-%¢ >1.0 X 1073 1.1 X 10-¢
Th 1.0 X 103 2.0 x 104 1.5 X 10-®
I1n 1.0 X 10~3 8.0 X 10-¢ 3.4 X 10-®
ITb >1.0 X 103 >1.0 X 10-3 2.4 X 108
11c 4.0 X 10~¢ 3.2 X 10-¢ 9.8 X 10—
11d 4.0 X 10~ 2.5 X 10— 1.6 X 10-®
1Te 1.0 X 10~¢ 8.0 X 10~® 1.9 X 107
Atropine 6.4 X 1077 3.2 X 10~-¢ 2.6 X 10~

¢ Produced coutraction of ileum at ~10-7 M, this effect dis-
appeared ut higher concentrations. v Stimlated ileal prepara-

tion «t all concentrations. ¢ No mydriasis or oxolremorine
blockade observed at sublethal doses.

(6) A. I Choand D. J. Jenden, Intern. J. Neuropharnacol., 8, 27 (1964).
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except Ig and IIb blocked the central effects of oxo-
tremorine and, in sufficient doses, also produced my-
driasis. The relative doses required for these two
effects varied widely, and one compound (Ia) appeared
to be highly specific in its central actions, causing
significant mydriasis only as the lethal dose (~1.5 X
10~?% mole/kg) was approached. Compounds Ig and
IIb produced convulsions and death at doses showing
no blockade of oxotremorine. Excitement, hyper-
kinesis, and eventually convulsions were observed after
sufficiently large doses of all the compounds; no other
consistent effects were seen in mice.

With the exception of Ib, all the compounds behaved
as competitive antagonists of acetylcholine on the iso-
lated guinea pig illeum. Ia, Ib, and Ic all produced an
increase in tone and motility of the gut at low concen-
trations (~10-7 A7), but with Ia and Ic, this effect
disappeared as the concentration was increased, being
replaced by a competitive anticholinergic action. Ou
the other hand, it became more pronounced with Ib,
which thus behaved as an agonist and could be blocked
by atropine.

It is evident from Table III that the derivatives of
succinimide have higher tremorolytic effect than the
corresponding derivatives of phthalimide and benzo-
sulfimide. Introduction of a methyl group into
the succinimide ring (Ig) or ring expansion to glutar-
imide (Ih) lowers the tremorolytic effect considerably,

Table TV summarizes a correlation analysis of the
results depicted in Table ITI, which were first converted
to logarithms. The in vivo doses of Ig and IIb were
both taken as 10~% mole/kg for the purpose of caleu-
lating correlation coefficients.” All three types of

TaBLE IV
CORRELATION OF PHARMACOLOGICAL AcCTIVITIES
Oxotremorine
Mydriasis blockade
re P re P
Mydriasis . S 0.720 <0.01
0.632 <0.05
Acetylcholine 0.842 <0.001 0.505 <0.1
antagonism 0.798 <0.01 —0.268 >0.5

@ Upper value of ‘r” is the total correlation coefficient, lower

value is the partial correlation coefficient.

activity show some correlation with each other in agree-
ment with the view that they depend upon a common,
basic pharmacodynamic property. However, the cor-
relation between acetylcholine blockade and oxotrem-
orine antagonism is only suggestive and not statisti-
cally significant at the 59 level. Further insight may
be obtained by the calculation of partial correlation
coefficients™ which provide an assessment of the cor-
relation which would be observed between two of the
variables if the third could be maintained constant,
1.e., the effects of a common correlation with the third
variable are eliminated. When the data are examined
in this way, the correlation between acetylcholine
blockade and oxotremorine antagonism disappears,
although mydriatic activity remains significantly
correlated with both factors.

The high correlation between atropinic activity n
vitro and mydriatic activity indicates that blocking

(7) R. A. Fisher, "Statistical Methods for Research Workers," 11th ed.
Hafner Publishing Co., Inc., New York, N. Y., 1950: (a) p 183; (b) p 187,



846 K. Danusowy, B. Karnin, 1.

activity  aguinst acetyleholine o the isolated tleun
ix un exceellent predictor of peripheral parasympuatholyth:
activity n vivo.  However, ability to untagonize the
central actions of oxotremortite cuattunt be relinbly
predicted from the @n wdlro test; the positive correla-
tion observed can be entirely explained by the correli-
(o of mydratic activity with both furtors.  This con-
clusion 1s not unexpected, smee aetivity on The eentral
nervous system depends npon distributional factors
which bear no necessary  relationship 1o biologiend
aclivity at the ccllular level.  Furthermore, although
there o gbvious similarity In the steactural cequire-
ments of central and peripheral anticholinergic ngents.
there 1s no logical basis for nssuming their identity.

Experimental Section

Melting pondas were taken e open enpillary tubes o elew-
trically heated metual block using calibrauted Arschiitz thermone-
eters.  Dndfrarved spectra were run a1 Perkin-Elmer 237 spec-
trophotonieter equipped with w grating monochromator, nsing
KBr disks.  MMieroanalyses were carried oot in the laboratories
wd Dr. AL Bernhardt, Malheim, Germany.

N-Propargylsuccinimide.—Sncenndmide (99 g, 1 mole) wax
ndded 1 toa solution of sodium (233 g, 1 g-atom) in absolute ethunol
(900 ml).  Propargyl bromide (119 g, 1 mole) was added tc the
solution, and the mixture wix refluxed for 15 hr. After cooling,
the NaBr was filtered and the filtrate was evaporated in racuo.
The residue was distilled at 95° (0.5 mum) giving u light yellow
oil (117 g, 859%), which solidified upon =tanding to crysials
melting e 51-52°; ppux 3200 (=CH), 21850 (C=C), 1780, 1710
e~ H(C=0).

Anal. Cualed for C:HiNO.: 6103 H, 5.15: N, 102, Found:
C,61.6; H,5.20; N, 9,00

N-Propargyl-a-methylsuccinimide wuax obtained in w similar
mimer in 74%. vield from e-methylsuccinimide® and propargyl
bromide: bp 95° (03 ) o, 3280 (2=CHY, 2140 (C=Q0),
1785, 1730 et (C==0). Although it was not possible to oh-
tain e eorreet elemental wralysis for this compound, the produet
conld be satisfuctorily nsed in the synthesis of compoand Ig.

N-Propargylglutarimide —To n suspensiorc of sodium hydride
2.4 g, 0.1 mole) e dry dimethylformumide (DMEF) (30 ml) was
added ghitarimide (115 g, 0.1 mole) dissolved o DA (33
ml); the mixture wus stirred nder wdatrogen at 100° for 4 hr.
Propurgy! hromide (1455 2, 0.12 mole) was added to the Tun
mixture and stirvieg without heating wiee then continued for |
hr. After filtering, the =olvent was reuaved nnder vaenum,
wal the residue whs distilled 1o give nie cily product (10.0 g,
664, bp 118-116° (005 tamy, w2 1,5260, which solidified after
standing for some days.  Recrvstallization from ether-petroleava
cther afforded w ervstalline prodact: mp 41-42°;
CozCH, 2180 (Ca=00), 1730, 1670 cta "t eCasO ),

duel. Cualed for CHWNOG ¢ 0560 M,
Fourd: €, 65.5; H, 5.09: N, .30,

N-Propargylbenzosulfimide.-~ A mixture oI dry  sacchaein
sodiuna (105 g, 0.5 mole), propargyl brauide (67 g, 0.56 mole),
nud DALE (300 ml) whs stivred at 100° faor 6 hr. The mixture was
filtered, and the reaction product wax precipitated by the addi-
ton of water. The produet (104 g, 90) was almost pure,
1ap 125-126°.  Recrystallizaticac from ethanol raized the melting
]mi((l 1o 125.5-126.0% paay 3280 @ -=CH) 21050 ((==
(Co=a0 ), L340, TISO car E (SO,

Anal, Caled Tor CoH:NOR-OOHLQ: ¢, 522 H, 3.50;
N, G.ON Fowd: C 52,5, H, 5.02: N, 6.07.

N-Propargylphthalimide wi~ obtahed e =onilar mannee fron
potassium  phthalimide (8677 vicld); wp 147-150° (lit.* mp
150--151.5%, 147-140° )

Preparation of N-(4-Dialkylamino-2-butynyl)-Substituted Cy-
clic Imides (Tables T and II).—A mixture of the nppropriate
Nopropargyvlimide (0.1 mole), paraformaldehvde (0.12 mole),
e <econdmey waire (0.1 mole), nnd cuprons elidoride (122 g) h
peeoside-Teee dioxte (20 ml} was rellused for 0.5 15 e Alter

G-
Py D271

6.00: N, 927,

sy 11 Pheke swoul C0d0 Lag o S, Chen, Sovl T4, 30l (Tuay,
gh ) K Sopto, Nippon Kagyloo Zusshs, 76, 1404 1149535); iy M. Goude-
war, dnn, Clom, (Paris), [131 1, 161 (1850).
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couling, wictee 10U 1al) was added, i tee ndstare was seeiddied
with 5 .V hydroehlorie weid mad exvuneted twiee with ether (3510
s, The wquenus plinse whs made alkidie witle 22V NpoCk
audder strong cooling and extraeted exloastively witle =iy H0-14l
portions ot CHCL. The CHCL extriet was Shie] i Na=Oy;
el e solverd was eveporated arder vieaa Comportds
o Te ervsudlized aperc conding: The T, wael e were o
Ganeed ervstalline when the weidie, aqoers plase wis 1wele
ddkaline. The other hises coald 1ot he obtdied e ervsiadline
Game Tg wad e were parified Dy distillatiog in cvedo e e
remaindigg bises woee converted 1o 1he Tevdreldoriles by woldi
ticof ethereadd HCL

The indroed spectre sy the shechamides Tisted o Tulle
el of e phithadinddes e Table TI all <hawed two absorptios
Daneds 1o the (a0 ,\‘ll‘('l('](i](g l‘('gl‘i((((, OHee ,\‘]1:]]‘]) of awdivo
<trergth at 1775 1785 et o v =troag wad Droad, 1y saae
eses resolved 1oty two or thaee ndnor peaks, at 1700-17355 ala
The ghitarindde dervivative Th abeorbed we Tower freqoercis,
izt TEED wadd 1695w The hergosalfimdes THd wd Te
sliowed ondy vae soroag, slewrp bioad o this regiow e 1755 ol
1745 et vespectively.

4-Diethylamino-2-butynylamine Dihydrechloride. -A ~:hnwu
ol N-id-dietly bonico-2-bnynyDphthalinide (1Tn, 644 g, 024
mole) wal hydrazie hydrte (12 ¢ 024 wole) o967, etlouel
260 ml1 was reffoxed for 15 e The <olution was sendiliod
with corweercaded TTCL ned the precipiteied phtledlocdezide
was filtered wdd wished with 960, ethmol. The coiabivel
filtrde and washings were coneentrted, filtered, ndd evigporiied
noracio o give wviseons oil whicke soore solidified,  Deervstnd-
lization frone etliowl ether vielded the dihydrochlovide, 1) 154
154.5°157 ¢, 747, 0

Awal. Caled Yor COHGNG2HCE 450 D Sa0:0 N, 1.
Foaned: C, 45220 H, 790 N 1500,

The free base wa~ obtaned Goac the dihvdroeldoride by
=tandard nethods s Hp 62° (2 nun g, nfo 14740,

Apal. Caled foe CJH Ny C 0805 HL VS N, 2000,
CoO890 HL TS N 2o,

4-Pyrrolidino-2-butynylamine dihydrochloride wix prepiced
frone Ih by thie ~ane procednre wx deseribed for the diethyl-
oo medog: mp ISU-180.5° after reervstalliza tioe fronc ethanol
ether, vield 867/

dwed, Caled Tor COLyON2 2HCT: ¢, 45.5: H, 704 N, Lo
Forwd: C 45500 H, 7.50:0 N, 16

4-Piperidino-2-butynylamine dihydrochloride wix prepured
<imiberyy i 290 285° dee (feonn ethinwl-ether), vield 700

Awad. Caled Tor CyH N 2HCE ¢, 480 H, 806 N, T2,
Fowma s CAS HLS0 N, 126,

N-(4-Diethylamino-2-butynyl)succinamic Acid.- ~A =olutiorc
J-diethvhionine=2-hutyivionine (6.0 g, 0.048) mole! 1o acetone
(L wis wdded dropwise 1o a0 refluxing solatione of sueeiae
arhvdeide c40) g 0,040 wole) e acetone v40 1al s Ntteriog anld
heuting were coaotaned Tor 1o pfter which the renctioroaixtaee
witx vooled nod dhe peecipttated prodnet collected. Twa e
crvstallizations (raa etlyuol othee gnve the pare weid 1x0
o SO p B 0

Anal, Cided Tor CrpHu NGOy
Fraaed s Coo02: 118590 N 1LY

('yclization of N-i4-Diethylamino-2-butynyljsuccinamic Acid.

A aectuee o vhe seid prepomrd sbove (6.2 g, 0,026 anles,
ardivdrous <cadiune ncetiae (1.3 g d neetiv wdocdride t1 alt
wits streed ot 60-70° foe 1 lo and eooled. Fee water (205 nd)
wits added el e mixtre was left overndght at caoin temper-
iare.  The solntiva wax extiweeter] with ether nd the wqueoas
lver wies taeate sdkidicoe with NaO 1 uader eooling. The -
tare wis extooted wirle foue 20-wd portioes of CHCL wad 1he
exteaet wits dried over NaeRO,. O additione ot ethereal 11C1,
e rerctione peodact ervstallized.  After recrvstallizatione feoi
ethaaol, e prodact (5.8 g H70 ) wies obGdaed which wies idendied
(mixture 1aelting poid sad ndrared spectran wita eompouaiad
I prepared above by the Manaiclorenetion,

1,4-Bistsuccinimido)-2-butyne. Sodinm (2.5 g, th1 1aole) wies
diz=olved o etlewol (100 @l waad suveidmide (9.9 g 01 mole)
wie elded, T Dueldveo=2-butyae (610 g, .05 maole) was e
added (o the solaiwae nwel the adstare wis refluxed tor 15 he,
Altee conliug, the Do previpicoe was collected ool waslosd
witle wittee (o reaerve NaClo The residne (5.0 g, 2200 wias ce-
crvatdlized twice fvora DATE 1o give veystals of o 256 2579,
P LTSULTTUS v e Ces O b,

el Caled tor CualdyyNaOg ¢ 380
Fomd: C, 55570 H 5,05 N, 112,

IYoaad:

(GRS TVRDES § (V) ERN W ) B
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